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SUMMARY
Atmosphericturbulenceas experiencedby rocket-poweredmodelsand
temperaturelapse-ratedataobtainedfromrawinsondesoundingshavebeen
analyzedandcorqparedin38 casesby usingan assumedtemperaturelapse-
ratestabilityboundaryasa basisforcomparison.AU.thedatausedin
theanalysiswereobtainedfromtestsmadeat theLangleyPilotless
AircraftResearchStationatWallopsIsland,Va.
A limitedcorrelationhasbeenobtainedwhichindicatesthatatmos-
phericconditionsclassifiedasbeingunstablewillgenerallybe turbu-
lent;however,a marginalora stableclassificationdoesnotnecessar-
ilyindicatesmoothair. Thusa largepercentageofturbulencecanbe
avoidedby makingflight estsonlyduringmarginalor stablelapse-rate
conditions.
INTRODUCTION
Thedesignandoperationofbothccmercialandmilitaryaircraft
havebeenseriouslycomplicatedby problemsassociatedwithatmospheric
turbulence.Extensivedatahavebeengatheredon suchsubjectsas the
gust-loadexp~ienceofaircraft,thestatisticalcharacteristicsof
turbulence,andaircraftsnakinginorderto findsolutionsto someof
theseproblems.References1 toU.presentexamplesof someofthis
work. Therehavealsobeennumerousattemptsto definethemeteorologi-
calfactorsassociatedwithatmosphericturbulence- forexample,refer-
ences12to 15. As a resultofthesestudies,variousparametershave
beenproposedtoaidboththemeteorologistandthedesignerinopera-
tionalflightplanningandinestimatinggust-loadprobability.Most
oftheseparametershavebeenderivedby empiricalmethods.
A dynsmicsystemrespondstorandomdisturbancesat thenatural
frequenciesofthesystem,andthemagnitudeoftheresponseinanyone
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modeisprimarilya functionoftheenergyinthedisturbingelements
nearthenaturalfrequencyofthemodeandtheamountofdampinginthe
particularmode. Intermsofaircraftdynamics,theshort-period,or
stability-mode,oscillationsareexcitedby “rsndom)--ornoiselike,atmos-
phericturbulence.Simultaneously,structuralmodesareexcitedat
theirownnaturalfrequencies.Theresultintermsofacceleration
recordingsmadefromanaircraftflyinginturbulentairisan oscilla-
torytracenearthestability-modenaturalfrequencywithoneormore
superimposedstructuralvibrations.(Seeref.1.) Thestability-mode
oscillationmaybe distortedfroma truesine-waveoscillationi both
frequencysmdamplitude.
Thisdistortionofthestabilitymodeby roughaircanseriously
affectheaccuracywithwhichdynsmicdata,particularlydampingand
buffetingdata,canbe obtainedforresearchpurposes.Indeed,this
distortioncanmaketheidentificationofbuffetingverydifficult,if
notimpossible,whenanaircraftisfLyinginroughair. Theproblem
oftheeffectsofatmosphericturbulence:onaircrafthasrecently%een
encounteredintestsofrocket-poweredrese~chmodels.It hS thus
becomeimportantforinvestigatorstobe ab>$to selectflight-testcon-
ditionswhichwillyieldthemostreliabledata.
Atmosphericsoundingsareroutinein co.~ectionwithflightests M
ofrocket-poweredmodelsconductedby theNationalAdvisoryCommittee
forAeronautics.Thesoundingsaremadeasnearto“theactualflight
timeandflightpathas ispracticalby releasinga rawinsondefromthe
---,w
launchingsite,usuallywithinglessthan1 how oftheflightest.
A comparisonoftheseatmosphericsoundingdatawiththeoccurrenceof
turbulence,as indicatedby roughnessontelemeterrecordsofaccelera-
tionandangleofattack,ispresentedhereinfor38testsconducted
froml$Yj2to 1955at theLangleyPilotlessAircraftRese&chStation
atWallopsIsland,Va. Thepurposeofthispaperistopresentan
approximatecriterionwhichmaybe used,in-theabsenceof qyalified —
meteorologicalassistance,as anaidintheselectionofatmospheric
conditionswhicharesuitabletotheturbulencerequirementsofa flight
test. Tothisend,particularattentionWfi-lbe focusedona correla- —
tionofatmospherictemperaturelapserate‘wdtheoccurrenceof
turbulence. .—
SYMBOLS
%cl
at
normalacceleration,g units
.-
transverseacceleration,g units
Iwx TN3953 3
a angleofattack,deg
h altitude,f%
M Machnumber
BKIDELSANDTESTS
Smallsketchesincludedineachoffigures1 to 38 showtheapproxi-
mateconfigurationsoftherocketmodelsfromwhich&ta wereobtained
forthiscorrelation.Withtheexceptionofthemodelsshowninfig-
ures1 and2,eachofthemodelswasdesignedandinstrumentedforinves-
tigationofaerodynamicproblemsotherthanatmosphericturbulence.
Thoseshowninfigures1 and2 weredesignedandinstrumentedspecifi-
CSJJ.Yfortheinvestigationofgustloadsreportedinreference1.
AJJthemodelswereacceleratedtonear-sonicor supersonicspeeds
by externalbooster-rocketmotors.Insomecases,internalrocket
motorswereincorporatedto sustainor increasethemodelspeedafter
separationfromtheexbernalbooster.Modelvelocityandflight-path
. datawereobtainedfroma CWDoppleradarsetanda modifiedSCR-584
trackingradarunit.Accelerationa dangle-of-attackdatawereobtained
by tekmeteringtheinstrumentreadingsfromthemodelsto a ground
. receivingstation.TestReynoldsnumberswereoftheorderof10x 106.
Rawinsondesoundingsto obtainatmosphericdatawereconductedin
conjunctionwitheachflighttest.Rawinsondeswerereleasedfromthe
testsiteata timeasnearaspracticalto thethe thetestmodelwas
launched(usuallywithinlessthsn1 hour).
Alltestswereconductedat theLangleyPilotlessAircraftResesrch
StationatWallopsIsland,Vs.,duringafternoonhourswhentheskywas
generaJJyclearoflargecloudformations,therewasnoprecipitation,
andvisibilitywasvirtuallyunlimited.
PRESENTATIONFDATA
Datapertinento theana~sisarepresentedinfiguresI to 38.
Therocket-modeltestsfromwhichdatahavebeenusedwereselectedon
thebasisofthecurrentavailabilityoftheoriginalflightrecords
andtheinstrumentationofthemodels.Onlythosemodelswhichcon-
tainedeitheraccelerometersorangle-of-attackIndicators,orboth,
.
areincludedherein,andmostofthemodelsalsocontainedotherinstru-
mentation.Someoftheavailabledatahve beenrejectedbecausethe
.
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flight-testprogra.forthesemodelsrequiredintentionalf ight-path
disturbances.Thepresenceoftheseintentio–mldisturbancesonthe
flightrecordsmake=theidentificationof
therefore,thesedatahavebeenconsidered
purposes.
ModelData
ttibulencev rydifficult;
.
unacceptableforcorrelation
.
a
Therocket-modeldatausedintheanalysisareshownontheright-
handside.ofeachfigure.At thetopofthe.figuresi a tracingofa
representativesampleoftheactualflightr~cord.In severalofthe
figures,twosamplesofthetelemeterrecordsofaccelerationareshown
to illustratethedifferencesbetweenwhatis—identifiedasturbulence
responseofthemodelandwhatisnot. At thebottomofthefiguresis
a timehistoryofthealtitudeand,Machnpmberofthemodel.Thetime
historiesarelimitedtothefirst2Q secbndsofflightimeandMch
numbersgreaterthan0.8.
Hatchedbandsaresuperimposedonthealtitudeplotsto indicate
thetimesandthealtitudesatwhichturbfie@ewasidentified.No
turbulencehasbeenindicatedinanycase.whilethemcdelwasbeing
acceleratedby itsbooster-rocketmotorbecausevibrationcharacteris-
ticsofetiernalbooster-rocketmotorsaresuchastomasktheturbu-
*
lenceeffectswhichmaybe experiencedduringtheboostedportionsof
themodelflights,
=
Theinternalrocketmotorswhicharegenerallyused u
as sustainermotorsdonothaveas severevibrationcharacteristicsas
theexternalboostermotors.Consequently,turbulenceexperiencedduring
accelerationfthemodelsafterboosterseparationhasbeenindicated —
inthosecaseswhereitcouldbe clearlyidentified.
—
Thewidthoftheturbulencebandsshow inthefiguresvaries
approximatelyasthemagnitudeoftheturbulenceindicated;however, .
novaluesofmagnitude,orturbulenceinten<~ty,areimpliedby the
widthofthesebands.Comparisonoftheturb.ulenceintensityexperi- .—
encedinonetestwiththatexperiencedinanothertestisnotpossible - —
becauseofthewidevariationof config~at+ons,wingloadings,Mach
numbers,andinstrumentrangesinthevarioustests.Exceptforthe
modelsusedinfigures1 and2,theinstrum~ntrangesandresponsechar-
=.
acteristicswereprobablynotoptimumfgrquantitativeindicationsof
atmosphericturbulence,andtheturbulenceindicationsobtainedwere
onlyincidentalt~.thepurposeofthetests.Ingeneral,thetelemeter
tracingsofthepresentinvestigationindica~edlessthanaboutt2gaccel-
eratio~oril”
turbulence.
a&le-of-attack=xcursion&attributabletoatmosphe~ic
*
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AtmosphericSoundingData
Ontheleft-handsideofeachfigureisa copyofa portionofthe
standardW skewT, logp diagramonwhichisplottedthetemperature
againstpressureas determinedineachtestfromtherawinsondesounding.
Thepressureandtemperaturedatashownwerefairedthroughapproximately
25 contactpointsbetweenthegroundandthe700millibarpressurelevel;
therefore,thesedataareconsiderablymoredetailedthandatanormally
availablefromroutineweathersequencereports.Winddirectionand
windspeed,whereavailable,arealsoshownineachfigureattheappro-
priatepressurealtitude.Winddirectionis specifiedinaccordance
witha 16-pointcompassroseandwindspeedisgiveninfeetpersecond.
Thepressurescaleontherawinsondesoundm plotsandthealtitude
scaleonthemodeltime-historyplotsarealinedsothatitispossible
to readdirectlyacrosseachfigurefrompressureto altitude.
ANALYSISOFDATA
ModelData
Figures1 and2 presentdatawhichwereobtainedfrommodels
designedfora gust-load investigationandwhfchwereflighttested.
underconditionsknowntobe turbulent.A pilotedairplanewasused
foranatmosphericsurveypriorto flighttestsofthemodels,ad the
modelswerenotflownuntilmderateturbulencewaslulowntoexist.The
techniqueusedinthesetestsanddatafromsimilsrtestsarepresented
inreference1. Themodelsusedinthetestsof figures1 and2 were
symmetricalndexperiencedno intentionaldisturbancesotherthanthe
turbulentatmospherethroughwhichtheywereflown.Thusthedata
obtainedfromthesemodelsareillustrativeoftheresponseofanair-
crsftto atmosphericturbulence.Theexcitationoftheshort-period
stabilitymodewithdistortionofthewaveshapeandthesuperimposed
structuralvibrationsarecharacteristicofturbulenceresponse.These
generalcharacteristicswillbepresentwheneveran aircraftflies
throughturbulentair,andthemagnitudeoftheresponseinanyone
modewillbe dependentonthestrengthoftheturbulence,thespeedof
theaircraft,theaerodynamicsoftheconfiguration,andthestructure
oftheairframe.
Althoughtheturbulenceindicatedinfigures1 and2 wasmore
severethanwouldbe expecteduringroutinerocket-modeltests,the
dataobtainedfromthesemodelshavebeenusedasa guideindetermining
theappearanceofturbulenceontheflightrecordspresentedinfig-
% ures3 to 38. Thedatashowninfigures3 to 38arerepresentativeof
routinerocket-m~eltests,whichusualJyaremadeonlyduringrela-
tivelycalmweatherwhengoodphotographicrecordscanbe obtained.
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Inasmuchasthecharacteristicsofanyturbulenceindicatedby these
dataarenotknown,thepresentanalysisislimitedonlytoa considera-
tionofwhetherornotnoticeableandrecognizableturbulencewaspres- .
entduringtheflightestsofthemodels.Iftherecordsobtained
froma flightestshowthatthemodelwasexcitedunintentionallyand
that&n irregularoscillationi a stabilitymodedeveloped,withsuper-
imposedrandomstructuralfrequencies,thenthemotionis considered
tobe a responseto turbulenceintheatmospherealongthemodelflight
path. . <
AtmosphericSoundingData
Thestatic-pressure,t mperature,andwind-velocitydatapresented
hereinweretheonlydataobtainedfromtheatmosphericsoundings.It
isrecognizedthatthesedataareinsufficientfora completeanalysis
ofthemeteorologicalfactorsassociatedwithatmosphericturbulence.
However,twooftheseveralfactorsknownto affectatmosphericturbu-
lenceareavailable:(1)thelapserate,whichistherateofvaria-
tionofatmospherictemperaturewithaltitude,and(2)thewindgra-
dient,whichistherateofvariationofwinddirectionandspeedwith
altitude(refs.16to 18). As previouslystated,thepurposeofthis
reportisto comparethelapserateandwindgradientwiththeoccur- .
renceofatmosphericturbulenceas encounteredinrocket-modeltests
forthespecificpurposeofdetermininga methodwherebytestcondi-
tionscanbe selectedinaccordancewith’theatmospheric-turbulence s
requirementsofthetesttobe made. Temperaturehpse-ratedatausu-
allyaremorereadilyavailablethanare”tinddatabecauseofthecon-
siderabletimerequiredto computewinddata. Thus,itislogicalto
considertemperaturelapse-ratedataftist. —
. ..
References16to 18 showthata temperaturelapseratecorre-
spondingtothatofa dryparcelofairtransportedvertically,referred
to asthedryadiabaticlapserate,isclearlyunstable.Theterm
%nstablefl’meansthatifthisparcelofairisdisplacedfroman ini-
tialaltitudeitwillcontinuetomoveinthedirectionofthedisplace-
ment. Conversely,thelapseratecorrespondingto thatofa parcelof
saturatedairtransportedvertically,thewetadiabaticlapserate,is
clearlystable.Thesestatementsapply”belowtheconvectivecondensa-
tionlevelswhenno cloudsareformed.
Sinceonlytheextremesofwetordryadiabaticlapseratesappear
tobe conclusiveindicatorsofatmospheric-stabilitywhenotherfactors
arenotconsideredndsincephysicalprocessesareseldomsharplydis-
continuous,itbecomesnecessarytoassumesomelapse-ratecriteria
betweentheselimitsforcorrelationflapse-ratedatawiththeoccur-
renceofatmospheric,turbulence.Inthepresentanalysisa lapserate
approximatelymidwaybetweentheaveragewetanddryadiabaticlinesin
#
.
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theappropriatepressureandtemperatureangeshasbeenassmedtobe
a stabilityboundary.Thisboundaryisshownoneachoffigures1 to 38
asa dashedlineonthesoundingplotsandineachinstancewasdeter-
minedprimarilyby visualinspection.Averagemeasuredlapserates
whicharegreaterorbier thanthisboundaryareassumedtobe unsta-
ble,andsimilarly,averagemeasuredlapserateswhicharelessorwetter
thanthisboundaryareassumedtobe stable.A measuredlapserate
whichisneartheassumedstabilityboundaryis consideredtobe mar-
ginal. Throughoutthisanalysisanunstablelapserateis considered
tobe indicativeofatmosphericturbulenceanda stablelapserate
indicativeof smoothair.
LimitationsofData
Inapplyingthecriteriaoftheprecedingsection,theaccuracyof
thetemperaturedataandthepossiblealtitudediscrepanciesbetween
therocket-modeldataandthesoundingdatashouldbe considered.Refer-
ence19 showsthattemperaturedataobtainedfromrawinsondesi accu-
ratetowithinapproximately1° C aadthatthealtitudeoftherawin-
sondescanbe determinedtowithinapproximately1X feetat the
700-millibarp essurelevel.Abovethisaltitudetheaccuracydecreases.
. Mel altitudesobtainedfromradsrdataarebelievedtobe accurate
towithinabout~ feetatmoderateranges.Becauseofthetimelapse
betweenthesoundingdataandtherocket-modeldata,whichisusually
. lessthan1 hour,changesofatmosphericctiacteristicswithtimecould
contributeo furtherinaccuraciesinthedeterminationfthealtitude
atwhicha givencharacteristicoccurs.Thusit isbelievedthatalti-
tudediscrepanciesbetweenrocket-modelandsoundingdatamaysome-
timesbe as greatas ~ feet. Inmostcases,however,theelapsed
timeandtherateof changeofatmosphericconditionswithtimeare .
believedtobe smallenoughto allowan altitudediscrepancyofnomore
than250feet.
Thepresentcorrelationislimitedto altitudesbelowabout
10,000feetorthe700-millibarp essurelevelbecauseofthefollowing
circumstances:A largema~orityoftherocket-modeldatapresented
hereinwereobtainedbelowabout10,000feet. Thevariousfactorsthat
mayaffectturbulencebuthavebeenneglectedinthisanalysismight
be expectedtohavea moreimportantinfluenceataltitudesgreater
than10,000feetthanat lowerlevels.Inaccuraciesbetweenrocket-
modelsmdrawinsondedatathatresultfromdeviationsoftherawinsonde
fromthemodelflightpathwouldbe greaterathigheraltitudes.Finally,
strongtemperatureinversionsandlarge,nearlyisothermalvariations
withaltitudearenotconsideredinthecorrelationftheaveragelapse
. ratesoverthealtitudersmgeinquestionbecausean inversionisgen-
erallyverystableandexertsa dampingactiononturbulenceoriginating
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belowtheinversion.Theextentowhichturbulencecanpenetratean
inversiondependsonpropertiesoftheairmasswhichwerenotdeter-
minedinthisinvestigation.
ApplicationfAnalysis
Threefigureshavebeenarbitrarilyselectedto illustratehe
applicationftheprecedingmethodsofanalysis(figs.4,28,and57).
Infigure4 twosamplesoftheflightretortsareshown.Thefirst
sampleshowsirregularoscillationsinbothnormalandtransverseaccel-
erationwhichhavefrequenciescorrespondingto theshort-periodnatural
pitchandyawstabilitymodesfortheconfiguration.Superhnposedon
theseoscillationsarerandomdisturbanceswhichhavea frequencynear
thefirstbendingfrequencyofthemodeltailfins.Thus,inaccord-
ancewiththepreviouslyoutlinedcriteria,thissectionofmodeltelem-
eterrecordisconsideredtobe indicativeofthefactthatthemodel
wasflyinginturbulentair. Thesecondsampleofrecordisco@ara-
tivelysmoothandthusisconsideredto indicatethatthemodelwas
flyingin smoothair. Thevariousperiodsofturbulentandsmoothair
notedthroughouttheflightrecordhavebeenindicatedattheappro-
priatetimesonthealtitudetime-historyc-five.Infigures28and 37
thessmplesofflightrecordshownareals6comparativelysmoothand
eachofthesemodelsisconsideredtohaveexperiencedsmoothair.---
Turbulencewasnotexperiencedatanytimeduringtheflightofthese
twomodels.
.
“
—
In.exsminingtheatmosphericsoundingdatathefirststepisto
determinea temperaturelapse-ratestabilityboundary.Thelineson
thesoundingplotswhichrepresentwetanddryadiabaticexpansionare
curved;however,ataltitudesbelowthe’700-millibarpressurelevel
theycanbe assumedtobe straight.Ifthisassumptionismade,itis
a simpleproceduretodeterminea linewhichbisectstheanglebetween
theparticularwetanddryadiabaticlinesthatconstitutegeneral
limitsofthesoundingdata. Thisline:thenrepresentsanassumedsta-
bilityboundary.A visualcomparisonfthelapserateoftheassumed
stabilityboundarywiththemeasuredataindicatesthatfigure4 repre-
sentsanunstsbleatmosphericconditionbecausethemeasuredaverage
temperaturelapseratebelowtheinversionisgreater,ordryer,than
thatoftheassumedstabilityboundary.Infigure28theaveragemeas-
uredlapserateisapproximatelythesame&.thatoftheassumedsta-
bilityboundary,andinfigure37theaveragemeasuredlapserateis
less,orwetter,thanthatoftheassumedstabilityboundary.There-
fore,inaccordancewiththepreviouslystatedcriteria,turbulence
wouldbe expectedintheatmospherepresentedinfigure4,whereas
theatmosphererepresentedinfigure28wouldbe expectedtobe marginal
andturbulencemightormightnotbe present.
A
Figure37representsa
.
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stableatmospherein
ouslydiscussed,the
whichturbulencewould
rocketmodeloffigure
whereasthemodelsof figures28end37did
It isexpectedthatanycorrelationf
9
notbe expected.As previ-
4 experiencedturbulentair
not.
turbulenceexperiencebased
onlyontheprecedingtemperaturelapse-ratecriteriawild.leavemuch
tobe desired.If,however,a simpleinspectionofeasilyobtained
lapse-ratedatacanbe usedas illustratedhereinto indicatethepres-
en~eofatmosphericturbulenceina
i-ftheyareonlyetiremeorunusual
gationwillbe fulfilled.
lUZSULTsMD
significantmnber
cases,thepurpose
DISCUSSION
Thedatapresentedinfigures1 to 38have
antewiththeprecedingmethodsofanalysisand
rizedintableI. The X synibolsindicatethe
datapresentedineachfigure.As notedinthe
of cases,even
ofthisinvesti-
l
beenanalyzedinaccord-
theresultsaresumma-
Classffica.tionofthe
table,thedatahave
beenarrangedinthreedistinctgroupsaccordingto theunstable,mar-
ginal,or stableclassificationoftheatmosphere.Withineachofthe
threegeneral.groups,thosecasesinwhichturbulencewasexperienced
arelistedfirst.Inthelastcolumn,X symbolsareshownTorvaria-
tionsofwinddirectiongreaterthanabout~“ orwind-speedgradients
of approximately15 feetpersecondper1,000feetof altitudebelow
10,000feet.A dashindicatesthatwinddatawerenotavailable.
Of the38 casesselectedforthisanalysis,theatmosphericcondi-
tionswereconsideredtobe unstablein19 cases,marginalin10 cases,
andstablein 9 cases.Atmosphericturbulencewasexperiencedby the
rocketmodelsin18 (~ percent)oftheunstablecases,in7 (~ per-
cent)ofthemarginalcases,andh k (44percent)ofthestablecases.
Thusthepresentanalysiswouldseemto tidicatethatatmosphericcon-
ditionswhichareclassifiedasbeingunstablewillgenerallybe turbu-
lent,whereasa marginalora stableclassificationdoesnotnecessarily
indicatesmoothair. Therefore,by usingtheturbulencecriteriaspec-
ifiedhereinforselectingatmosphericconditionssuitableforrocket-
modelflighttests,a largepercentageoftheturbulentatmospheric
conditionscouldbe avoided.Thequalityandreliabilityoftheaero-
dynamicdataobtainedfromrocket-modeltestsshouldbe correspondingly
improved.Qualifiedmeteorologicalassistanceshouldbeobtainedfor
selectingatmosphericconditionsinthoseinstanceswhereideallysmooth
airisdesiredfora givenflight est.
* Eventhoughwinddataarenotavailableforeachcase,theredoes
notappeartobe anyobviouscorrelationbetweenwinddataandturbu-
lenceexperiencefortheconditionsofthissmalysis.Inmostcases
.
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thewindgradientsexperiencedwerecausedby changesinwinddirection
only,inasmuchasthevelocitygradientsweregenerallysmall.
Itmaybe interestingto notethatintwoinstancestwomodelswere
flownduringthesameafternoonwithan elapsedtimeintervalofapproxi-
matelyl~hours.An atmosphericsoundingwasmadeineachcaseduring
theelapsedtimeinterval.Inbothinstaticestheatmospherehasbeen
classifiedas unstable,andturbulencewasexperiencedby eachofthe
fourrocketmodels.Thefirstinstanceisrepresentedbythemodelsin
figures3 end4,andthesecondinstsmceby themodelsinfigures15
smd16.
l
CONCLUDINGR3MKKKS
Theoccurrenceofatmosphericturbulenceas indicatedby telemeter
recordsobtainedfromrocket-puweredmo elflightestshasbeencorre-
latedwiththestsbilityofatmospherictemperaturelapseratesas
obtainedfromrawi.nsondesoundingdata.Theunstable,marginal,or
stableclassificationofaveragemeasur@temperaturelapseratehas
beenmadeinaccordancewithanassumedlapse-ratestabilityboundary
whichismidwaybetweenthewetanddryadiabaticlinesthatconsitute
generalimitsofa particularatmosphericsoundingplotmadeona
stsndardUSAFskewT,logp diagrsm.Allthedatausedinthecorre-
lationwereobtainedfromtestsmadeatthePilotlessAircraftResearch
StationatWallopsIsland,Vs.,duringafternoonhourswhentheskywas
generallyclearoflargecloudformations,therewasnoprecipitation,
andvisibilitywasvirtuallyunlimited.Analysisofthedataislimited.
to altitudesbelow10,000feetorbelowstrongtemperatureinversions
or isothermallayers.
Theanalysisindicatesthatatmosphericconditionswhichexeclas-
sifiedasbeingunstablewillgenerallybe turbulent;however,a mar-
ginalora stableclassificationd esnotnecessarilyindicatesmooth
air. Thus,a largepercentageoftheturbulentatmosphericconditions
whichcaninvalidateflight-testdatamaybe-avoidedby a simpleinspec-
tionoftemperaturelapse-ratedata.
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
.
*
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LangleyField,Vs.,December19,I.956.-
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SUMMARYOFROCKETKJDELAKDATM)SP3ERICSOuNmNGDA!ml
Turbulence Average Average Average Appreciable
-e indicated lapserate ~pse rate lapserate windgraiients
bymcd.el unstable marginal stable p~sent
1 x x
x x
; x x x
4 x x x
5 x x
6 x x
7 x x x
x x
; x x
10 x x
l-l x x
I-2 x x
13 x x
14 x x x
15 x x
16 x x
17 x x x
18 x x
19 x
m x x x
21 x x x
22 x x
23 x x x
24 x x
25 x
26 x
27 x x
28 x x
29 x x
30 x x x
31 x x x
32 x x
x x
;; x x
35 x
% x x
37 x38 x
h X indicatesclassificationofthedata;a dashindicatesthatdatame not
available.
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m 1.-KUght test made OR wch 28, 1955,with rawinaondereleasedat 2:15p.m. (e. s. t.).
Model flown under conditionsknown to be turbu.latwith a whg loading of 24 lb/sq ft.
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Figure 2.. Flight teat made on January 28,19%,
an.dmodelhunckdat 2:1’7p.m. (e. s. t.).
with a wing load= of 24 lb/sqft.
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Model flown under conditionsknown to be turbulent
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Figure 5.-Flighttest made on Fe- 25, 1954, with rawinsondereleased at 3:06p.m. (e. 8. t.)
aud model launchedat 2:48p.m. (e.S.t.).Modelw@ 10SdiJl& 19 lb/sq ft.
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Figure 6.- Flight test made on Mezch 16, 1953,with
~~1 wingloeding,
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Figurei’.- ~@ht testrude on August19,1953,withrawkwondereleaaedat2:48p. m. (e. s. t.)
and mfxlellaunched at 2:5’3p. m. (e. s. t.). Model wing loading, 45 lb/sq ft.
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ljllgore8.-l?lightestmadeonJune18, 1952, with rawinsondereleased at 3:49p. m. (e. S. t.)
dtmoael launchedat2:58P. m. (e. s. t.). Mod.elwQ3 loadlng, 21 lb/sqfi.
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Figure 9.- Flighttestmade on July 23, 1954, ulthrawinaonaereleasedat 3:14p. m. (e.s. t.) Ei’
andmdellaunch@at 3:Olp. m. (e. s. t.). Mcdel wing loading, 57 lb/sqft.
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m 13.- I?lightestmadeon June4, 1954, with ratisonde released at 12:55p. m. (e. S. t.)
andmodellaunchedat 2:31p. m. (e.s. t.). Mctlelwing loadirw, 26 l.b/sqft.
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F@re 14.-F1.ighttest madeon Jul.y30, 1953,withrawinaonderele=ed at 3:~P- m. (e)5. t,)
andmodellaunchedat 4:17p. m. (e.G. t.). Modal wing louiing, 53 lb/sqft.
-5
—m
OY
T*=wI-w*, ‘C
-45-40 -M .30* -20 -m -40 .-
Figwe 15.-
and
. v\
‘%x
Y-’
1
1.,
Tawsrdwm, ‘C
.—
Plw n=%8-
~,k -e *1.
twta-J .w4 .hm.et.r d .V-*U -=l~d
Flighttestmade on &lay6, 1952, with rawinsondereleased at 4:27 p. m. (e.
mcdel launched at 3:23 p. m. (e. s. t.). Model wing loedlng, 5CIlb/sq ft.
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mcdel launched at 9:12p. m. (e. s. t.). Mcdelwi.n gload.img,50 lb/sq ft.
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Figure 17.-Flighttestmatkon June ~, 1934.,withrawinsondereleaaedat 2:32p.m. (e. s. t.).
Mcdel wing Uxuiing, hO lb/sq ft.
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Flgure 20.- FIQht
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*wE _ on April14, 1955,withratisoti releasedat 2:41 p. m. (e. s. t.)
l.aunchedat2:@p. m. (e. s. t.). Mel- loading, 181b/sq ft.
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Figure 21.- Flight test made on WY 18,1954,with rawinaonderekased at 2:~ p. m. (e. s. t.)
and wiel launchedat 2:54 p. m. (e. s. t.). Modelwing10diw, 25lb/sq ft.
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made cm February15,1954,withrawlmaonde released at 2:32 p. m.
launched at ~:oop.M. (e.S.t.). -1 ~ l-, 44lb/sqfi.
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24.- Flight test made on September18, 1952, with rawbsonde released at 3:26p.m.
s. t..) @ model launched.at 3:48p.m. (e.s.t,). Mal ~ loading,~ lb/sqft.
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F- 25.- FHght test made on June 24, 1955,with rawhwmde released at 4:04 p.m. (e.S.t.).
Model@ng loading,21lb/sq ft.
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Figure26.- KlightestmadeonJune,24,1957,tithrawinso~releasedat1:43p.m. (e.s.t.).
Mcdelwing10&ii?l& 35 lb/sqft.
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Figure 27.- Flight test mede
and model lmnched
on October 20, 1954, with rawlnsonderelmaed at 5:13p. m. (e.s. t.) !4
at 3:58p. m. (e.E. t,). Modelw@ loading,22 l.b/Bqm.
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Figure 28.- FMght testmade on June 15, 1955,withrawbmnde relea6edat 3:07p. m. (e. s. t.).
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Figure 30. - l?light tat nude on Augwt 25, 1955,withra~sonde releasedat 7:48P. m. (e. s. t.)
smdmcdelkunchedat 2:12p. m. (e.s. t.). Mcdel~loadlw, 181b/sq f%.
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Figure 33.- Flight test made on December 18, 1952,withrawtiondereleesedat 2:58p. m.
(e. s. t.) audmcdellsunchedat3:43p. m. (e.s. t.). Moflelwing l-o@, 221b/sq ft.
l
-.
, l
Tww.mtu,,. ‘C
*
.
. 1
T.mp.r.t”r., “c
A!m+.k S8mdb! tit.
I?Igure ~.- Flight test made on October
Mmiel
~
I %
4!0
Plhh! II”, ,*.
a
13, 1953,withrawiuiondereleaaedat 4:o2p. m. (e.s. t.).
W@ J-o-, 53 lb/sqft.
.4=
03
MPHQ-, DC
-a -w-=-w-u .-20 -!5 -m
1“
Figure 55.- Flight test made on April ~, 1953,with rawinsondereleased at
andmcdel launched at l:73p.m. (e. s. t.). Mel wing load~,
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Figure 36.- FlightestmsdeonMay19,1954,withrawlasordsreleasedat2:06p.m. (e.s.t.)
andmodel aunched.atZ?:15p.m. (e.s.t.). Modelwingloading,43lb/sqft.
i5
Tm**rmm, ‘C
-49 -40 -5-5 -s0 -29 -Zo -la -10
I
w!
/7
—S.xld
-50u
Figure 37.- FU@t
andmodel
* .
kwramm “C‘- ‘- ‘- ‘- llhh? UN, 9**
~b .* &h
HM97 *4 ob,rut.v
test - on WY 25, V55, with ratiti rele~~ at
launchedat 3:22P. m. (e. s. t.). Modelwbw loading,
,
d rdm, .mml-d
3:45p. m. (e.
22 l.b/sqft.
m
,..
.
.-
. -40
... . ... .... .
--n .mm & -,” -,8 -n
. *
.- .- -
at
%,
I I
7.0 0.0
tlhhl II.*, M.
Tsm9rotum ‘C mw II-. m
Alm$l#”l, Iwrrih, *I.
Hblwr “r ,tirmGlml .1 -*M” UP-I-4
Figure 38.- Flight testmadeon December10, 1952,withrawlnsoniier leasedat 1:42p. m.
(e.s. t.) andmcdellaunckdat l:22p. m. (e.s. t.). Modelw@loadiIIE, 501b/sqfi.
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